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Abstract 

Using the recent results for the two-parton light-cone distribution amplitudes of the tensor meson, 
we calculate the form factors for the decays of B u ^, s m to the light J PC = 2 ++ tensor mesons via the 
vector /axial- vector /tensor current with the light-cone sum rules. We also obtain the g 2 -dependence 
of the form factors. 



* kcyang@cyc u.edu. tw 

1 



1. Semileptonic and radiative B decays, which involve light tensor mesons and are related to 
b — > s(d) transitions, contain rich phenomena relevant to the standard model and new physics. It is 
interesting to note that due to the G-parity, both the chiral-even and chiral-odd two-parton light- 
cone distribution amplitudes (LCDAs) of the light J PC = 2 ++ tensor meson are antisymmetric 
under the interchange of the momentum fractions of its quark and anti-quark in the SU(3) limit 
[l|. Therefore, tensor mesons cannot be produced from the local V =t A currents of the standard 
model. The two-body B decays involving tensor mesons are of great interest because these decays 
can further shed light on the underlying helicity structure [2j]. 

In this paper we calculate the form factors for the B u ^ s decays into light J PC = 2 ++ tensor 
mesons (T) via the vector /axial- vector /tensor current in the light-cone sum rule (LCSR) approach. 
These form factors are relevant to exclusive B decays involving the tensor meson in the final state. 
Some model calculations for these form factors can be found in the literature 0-0] ■ In the quark 
model language, the J PC = 2 ++ tensor meson is described by a constituent quark-antiquark pair 
with angular momentum L = 1 and total spin 5 = 1. The observed tensor mesons /2(1270), 
/2(1525), a 2 (1320) and K|(1430) form an SU(3) 1 3 P 2 nonet. Although light-cone sum rules have 
been widely used to calculate various form factors, B — > tensor meson form factors have not been 
systematically studied 0. The relevant inputs in this study are the LCDAs of the tensor mesons. 
However, only chiral-even two-parton LCDAs for the /2(1525) were given about ten years ago 0]. 
Recently, we have systematically studied the chiral-even and chiral-odd two-parton LCDAs for 
J PC = 2 ++ tensor mesons [ill. 



2. For a tensor meson with mass mj- and four-momentum {E, 0, 0, P3) moving along the z-axis, 
its polarizations with helicity A can be represented in terms of the polarization vectors [3] 

e (0)^ = (P 3 , 0, 0, E)/m T , e(±l)* M = (0, =pl, +i, 0)/V2, (1) 

and are given by 

e (o) = \fln+ir<-iy + + /f^'w, (2) 

i±i) = ^[e(±iyW + <ore(±in <± 2 ) = e(±lYe(±lT. (3) 

The polarization tensors e^l are symmetric and traceless. Moreover, they satisfy the divergence- free 
condition e^-P' 3 = and the orthonormal condition e^J(e^ x ^ v )* = 8\\i. 

By considering the semileptonic B decays involving tensor mesons, we can define the form 
factors: 0-0] 

<T(P, X)\q 7 ,b\B( PB )) = -i \ e^ell )P %P^V BT {q 2 ), (4) 

tub + rax y ' 

ABTl 2\ 

(T(P,X)\q W b\B(p B )) = (m B + m T )el x >Af T (q 2 ) - ( e W* ■ p B )(p B + P)^ 2 ^ ' 

p m B + niT 

1 In the Ti(0) form factor for the B — > transition was calculated by using the LCSR approach. 
However, the assumed leading-twist LCDA for the tensor meson does not match its G-parity property. 
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A BT (q 2 ) 



(T(P,\)\qa^q„b\B(p B )) = 2T BT (q 2 )e^p Bl/ P Tp e* a , 
(T(P, \)\qa^ 5 q„b\B(p B )) = -iT 2 BT (q 2 ) \(m 2 B - m 2 T )e*» - (e* ■ p B ){p B + P» 



m 



■i " ,,,2 ! /'/'; 



I Q TTirj-i 

where q p = (p B — P) p and = e*j^ q u /m B . We adopt the convention e 0123 = —1, and 

ABT{q2) = H^lAfT^ _ ^^A^q 2 ). 

The tensor form factors can also be defined in the following way: 



{T(P,X)\qa^ l5 b\B q (P B )) = -iA BT (q 2 ) [e$ (P + P B f - (P + P B f e 



(A) 



+iB BT (q 2 ) 
We then find that 



\x)1 -^ e (A) 



+ 2*C BT (g 2> 



ml 



T BT {q 2 ) = A BT (q 2 ), 
T BT {q 2 ) = A BT (q 2 ) - 



ml 



^^B BT (q 2 ), 



rat. 



T BT {q 2 )=B^{q<)+C^(f). 



BT(2\ 



iBT/2\ 



(5) 
(6) 

(7) 



(8) 



(9) 



(10) 



3. To calculate the form factors, we consider the following two-point correlation functions, 
which are sandwiched between the vacuum and transversely polarized T meson with A = ±1: 

i J d 4 x e ^(r(P,A = l)|T[g 1 (x) 7 ^l- 75 )6(x)4 2 (0)]|0) 

= - Al (p 2 B , q 2 )e;^ + A 2 (p%q 2 )(e^q)(2P + q), + A(p 2 B ,q 2 )^^q, 



and 



where 



v(PB,f)^ P *e*l ) q p P' J , (11) 



: J d 4 xe^(T(P, A = WMx^-kKx) j Bn (0)]|0) 

= -iA(p 2 B , q 2 ){e< L \2P + q) v - e *W(2P + q),} 

+ iB{p 2 B ,q 2 ){e<^q v - e^q^ + 2iC(p 2 B ,q 2 ) — q — {P p q v - Qfl P u }, (12) 



e 



4 ^2 M m B 
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p 2 B = (P + q) 2 , P is the momentum of the T meson, and = i(/275& (with g 2 (l) = u , d or s) is 
the interpolating current for the B q2 meson, so that 



<0|jfl, 2 (0)|5 92 (p B )) 



fB ao m 2 B 



J 12 «9 2 



(13) 

m fe + m q2 

In the region of sufficiently large virtualities, i.e., m 2 — p 2 B Aqcd to 6 where q 2 is small and 
positive, the operator product expansion is applicable in (ITT]) and (fT2j) . so that for an energetic T 
meson the correlation functions defined in ([lip and (|12j) can be generally represented in terms of 
the LCDAs of the T meson (with T = the vector, axial- vector, or tensor current): 

i J d 4 xe^{T(P,X = l)\T[q 1 (x)Tb(x)jU0)]\0) 



du 



o (q + A;) 2 — mj 



rTr 



r 



# + m fe ) 75 Ml (A = 1) 



k=uEn. 



-I-O(^). ,11) 



where E = \P\, P^ = Ent + m^n^/^E) ~ .En^ with two light-like vectors = (1,0,0, —1) and 



[1, 0, 0, 1) satisfying n_n + = 2 and n 2 



n: 



0. Here M{ is the transverse projector which 



is discussed as follows. We assign the momentum of the gi-quark in the tensor meson as 



& = uEnt + fcf + 



A' 2 



4u£ 



(15) 



where is of order Aqcdj E is of order m&, and u is the momentum fraction carried by the 
gi-quark in the meson. In (j!4p . to calculate contributions in the momentum space, we use the 
following substitution (with the k\ term omitted): 

d I nt d d 



to the Fourier transform for 
(T(P,X)\q 1 a (x)q 2 s (0)\0) = 



x 1 " 



'dk, 



'\2Edu + dk ±l 



(16) 



due iuPx lf T m 2 T 



r 



x^x v 



+ 



tfiv x 

Px 



p 



*0) „ p s 

e t//3 x z 



[Pxf 



(Px) 2 ~ 11 r 2(Px) 
7 ^(u) + L^^e^x^x^^gai 



3 m^g 3 (u) 



$M («)- ^ ^ 



fiu ( (A)* Hp _ W* Pp 
a \ e fiP X r » e uP X r l 



Px 



+<*» ( £ (*4 - $ v*,) 

where x 2 ^ and we have 



n? 



rr^ u (P r — P r )m 2 ^f^*rPr l3 
2 ™2 



(Px) 3 



ht(u) 



h z {u) + e*^x»x vr ^h s (u) 



2(Px) 2 av ' ' ^ ~ ~ Px 



+ 0(x z 



(17) 



5a 



gs(u) =g 3 (u) + ^ -2g v (u), 



h t {u) = h t (u) - -^[{u) - ^h 3 {u), 



(18) 
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$T, <E>^ are of twist-2, g v , g a ,h t , h s are of twist-3, and 53, /13 are of twist-4. To leading-twist accuracy, 
we will use the following approximations for the relevant two-parton LCDAs in the present study 
111: 



$ju>,/i) ^ 6u(l - n)aJ U),T (^)C7 1 3/2 (2u - 1), 



(19) 



0«W 



cfo — \- dv 



r $jT(u) /• $T(v) 
<7 a (it) ~2u dv — ^ \-2u dv — 



(20) 



(II -L) T 

In general, the G-parity violating parameters a vanish because the tensor meson cannot be 
produced from the local V — A current. Consequently, from ()17p we can obtain the light-cone 
projection for the T meson in momentum space, 



M, 



5a 



M Sa \ (A = 0) + M Sa i(X = 1) + M Sa i(X = 2) 



(21) 



where Mj a \\ and Mj a ± are the longitudinal and transverse projectors, respectively. The transverse 
projector M^^A = 1), which is relevant here, is given by 



mJ(a = ±1) 



St 
4 



*( A ) n a 

6± ^ n+ V 2E 



( mT 



r 



+ 



St m T 
St- e 



Y9v{u) - E j dv (2$f (v) - g v {vj) fi. 



d 



dk 



■±A. 



where 



e± ^ U+ { 2E J 



,<r 9a( u ) E 9a(u) d 



dk± a 



<(±1)5a,±i 



(22) 



(23) 



Prom the expansion of Mg a ^X = 1), one can find that the contributions arising from g v , 2&J — g v , 
and g a are suppressed by mx/E relative to the term with <&j_, i.e., the expansion parameter in the 
light-cone sum rules should be mr/mj, rather than the twist. Note that in (|14p the derivative with 
respect to the transverse momentum acts on the hard scattering amplitude before the collinear 
approximation is taken. 

At the quark-gluon level, after performing the integration of (|14|) . the results up to 0(ijit jva^) 
read 



A QCD = m B rnjST f 
' e*(0)-q 2 J 

QCD= rns mlti yi f 
s*(0)-q 2 Jo \ 



1 du 



owl m\ — up 2 B — uq 2 



mt 



m T S 



r 



mbf, 1 - 



2ug v (u) 



1 m T f T 



T J 

2* tt (u) 



n Ps — ug z m^ 



^bSr ( m b ~ u Pb ~uq 2 ) 2 



A QCD = _ 9 2 A2 QCD j 



(24) 

(25) 
(26) 
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V QCD = ^B 2f ± j l d \ 

e*(0)-q bJT Jo \ 
£*(())■ q 2 J 



1 $^(n) m T f T g a { 



+ 



u 



m\ — up 2 B — uq 2 m 2 m b f^ (rn 2 — up B — uq 2 ) 2 J 
1 



(27) 



m\ — up 2 B — uq 2 



m b f, 



T 



2m b f£ (ml - up 2 B - uq 



(28) 



e*(0)-q 2 Jo 



ml — up 2 B — uq 2 



mbfr 



(u-2)g v (u) +$tt(u) 



+ 



,2 „2\ 



C QCD 



m b f£ 
Jrmrm 2 ,1 



(i 


-a 


3o(«) 









(f-u< 



1 



2* tt (u) -5 a (u) 



(29) 
(30) 



e*(0) • q 2 Jo * 1 (m 2 — up 2 B — uq 2 ) 2 

where $«(«) = J Q U dv (2$|| (w) — g v (v)) and it = 1 — u. 

As an example, the form factor A\ for the B — )• T transition can be further approximated with 
the help of quark-hadron duality: 



Mq 2 



m Bq2 +m T m B q jBq 2 _l f s o ImAi QCD (s,9 2 



m B q2 ~Pb m b + m q2 7T Jml 8- p\ 



-ds . 



(31) 



where so is the excited state threshold. After applying the Borel transform p 2 B — > M 2 11] to the 
above equation, we obtain 

rs 



Ai{q 2 ) 



[m b + m Q2 ) ml o /M 2 l 

g HZ 



[m Bq2 +m T )m 2 Bq J Bq2 



- re s / M2 lmA^ CD (s,q 2 )ds. 

7T Jml 



(32) 



We summarize the light-cone sum rule results as follows, 



i B an T 



A^ ± (q 2 )=d 



(m b + m q2 )m 2 b f£ ( m | -m^j/M 2 



(m Bq2 +m T )m 2 Bq J Bq2 



x r—e^ 2 - m » M2 ^[c( U ,s )} 
Jo u 



e q 2 



&L(u) fe I + * -jt9v{u) 

2umf ) m Bq2 m b ff 



(33) 



A B 12 T 
A 2 



2m B q jB g2 



o u 



*ftu)0[c(u,s o )] 



+ 



m Bq2 2m T m b f T 
m Bq2 + m T uM 2 f£ 



$a(u) 9[c(u, s )j + uM 2 5[c(u, s )) 



(34) 



A^\q 2 ) = A^ T (q 2 ) + d q2{m 2 b + m <* )f T [* d J I e ^ 2 -^)/M^) 

Am Bq m T f B 

<&ftu)0[c(u, so)] + 2 ™^ b f i T ®tt(u) U<u, so)] + uM 2 6[c(u, s )} 



(35) 
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y B i2 T 



2m ljB q2 

m Bq2 m T m b f T 
m Bgo + m T uM 2 f± 



o u 



g a (u) 6[c(u, s )\ + uM 2 5[c(u, s„)] 



$I( W )0[c( U , So )] 



(36) 



-,B nr .T 



T^ 1 {q 2 )=d 



(m b + m q2 )m b f£ ( m | - m 2)/Af 2 



g -"92 



T 



m b f, 



(ug v (u) + $ tt (it) 



+ 



5a w 



+ 2^ K+g2) ^ }l 



r 



[c(tt,gp)] 
uM 2 



+ <5[c(u,s )] k 



(37) 



zf* V) = if* V) - — r ^ BT (^ 2 )' ?? 92 V) = ^V) + ^ B2 V) , (38) 

m B 9 ~~ m T 



with 



B 



2m B a jB, 



92 J «2 



" 



x j (u - 2)ft,(«) + + (- - -)c/a(u) 



+ 



(s 


-5)1 







(m b + m q2 )m T f T ( m | -m 2 )/M 2 



f (g 2 ) = d — — r 

" 1 du ii ( n 2_ r „2\ii, lM 2\ I _ „ s , N \ / 6>[c(u, so)] 



2/. 



uM 2 



+ <5[c(u,s )] 



m b f^ 



(39) 



(40) 



where ^4 3 92 (g 2 ) is defined by (|HJ), c(u, sq) = usq — m b + (1 — u)q 2 , and 

2m T 1 



d 



me 1 - q 2 /m 2 B 



4. The wave functions of the isoscalar tensor states /2(1270) and /2(1525) are 



/ 2 (1270) = -j={ft + fl) cos 9 f2 + /| sin /2 



/2(1525) = -j={ft + fi) sin 6 f2 - fi cos % 



with /g = im and likewise for .Z^' 5 - Because 7T7T is the dominant decay mode of /2(1270), and 
/2(1525) decays are predominated by the KK mode (see Ref. 12j]), the mixing angle should be small. 



It was found that 9f 2 



7.8° 



13J and (9 ± 1)° 12|. Therefore, we assume ^(1270) is primarily a 



(uu+dd) /\/2 state, while / 2 (1525) is predominated by ss. We summarize the relevant parameters in 
Table HI where the // 2 (i 2 70) an d /a"*(1430) were also studied in [l4| and 15], respectively. We neglect 
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TABLE I. Input parameters, fj, (/x) and (/x) are given at the scale \x = lGeV. 



Light tensor mesons [1] 


T 


It [MeV] 


f£ [MeV] 


\\,T _L,T 

a\ ,a 1 ' 


/ 2 (1270) 


102 ±6 


117 ±25 


5 
3 


$(1525) 


126 ±4 


65 ± 12 


5 
3 


a 2 (1320) 


107 ±6 


105 ± 21 


5 
3 


#£(1430) 


118 ±5 


77 ± 14 


5 
3 


Strange quark mass (GeV), pole 6-quark mass (GeV), and couplings [161 


m,(2GeV) 


17T'b,pole 


a s (l GeV) 


a s {2.2 GeV) 


0.09 ±0.01 


4.85 ± 0.05 


0.495 


0.287 


Effective Br a decay constants [16, ,17] 


h [MeV] 


h s [MeV] 


145 ± 10 


165 ± 10 



the possible corrections due to m u and m^. The pole b quark mass is used and the scale-dependent 
parameters are evaluated at the factorization scale /// = \J m B q ~ m bpoie- ^ n ^ ne numerical analysis 
for the form-factor sum rules, we choose the excited state threshold of the B meson to be sq = 35. 5± 
2.0 GeV 2 and the Borel window 6.0 GeV 2 < M 2 < 12.0 GeV 2 , which is consistent with my previous 



study [16J. We use the effective B decay constants /# = 145 ± 10 MeV and /b s ~ 165 ±11 MeV 
161 ]. which are obtained from the QCD sum rules of the B decay constants without including the 
radiative corrections to the coefficient of the unity operator. The former is in accordance with 



In 



la], we have checked that, using the present values of fs and in the LCSR of B — > p form 
factors of the same order, we can get results which are in good agreement with those given in [18[] 
where the radiative corrections are included. It was found that the radiative corrections to form 
factors can be canceled if one adopts the fs sum rule result with the same order of a s -corrections 
in the calculation fl^|. Therefore, the radiative corrections might be negligible, so we do not 
include them. 

We also assume that this set of parameters can apply to form factors with various q 2 . Our results 
from fitting the g 2 -dependence of form factors within the range < q 2 < 6 GeV 2 are exhibited in 
Tables [TT] and IIIIl where the t/ 2 -dependence is parameterized in the three-parameter form: 

{q 1 l-a(q 2 /m 2 ) + b(q 2 /m 2 ) 2 > 1 > 



with F B * T = Aq\ 2 , V b « t or T*£ 3 . For simplicity, we do not show the theoretical errors for the 



parameters a and b. The magnitude of T^ qT (0) is small in general due to the fact that B BqT {0) 



and C BqT (0), defined by (f39|) and P0|) . have similar magnitudes but opposite signs. 

5. In summary, using the recent analysis of tensor meson distribution amplitudes [l|, we have 
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TABLE II. B —> tensor meson form factors obtained in the LCSR calculation are fitted to the 
3-parameter form in (|4ip . The error for F BT (0) is due to the variations of the Borel mass, decay 
constants, strange quark mass, and pole b quark mass, which are then added in quadrature. 



F 


[F Ba2 (0),a,6] [F Bi ^(0), 


a, b) [F B f*(0),a,b] 


Ai 


[0.14 ± 0.02, 1.21, 0.52] [0.14 ± 0.02, 


1.23,0.49] [0.14 ±0.02, 1.20, 0.54] 


A 2 


[0.09 ± 0.02, 1.27, 2.04] [0.05 ± 0.02, 


1.32,14.9] [0.10 ±0.02, 1.45, 1.58] 


A 


[0.21 ± 0.04, 1.19, -0.26] [0.25 ± 0.04, 1.57, 0.10] [0.20 ± 0.04, 0.99, -0.34] 


T/ 
V 


[0.18 ± 0.02, 2.10, 1.50] [0.16 ± 0.02, 2.08, 1.50] [0.18 ± 0.02, 2.10, 1.51] 


1 1 


[0.15 ± 0.02, 2.09, 1.50] [0.14 ± 0.02, 2.07, 1.50] [0.15 ± 0.02, 2.10, 1.50] 


T„ 
J-2 


[0.15 ± 0.02, 1.21, 0.39] [0.14 ± 0.02, 1.22, 0.35] [0.14 ± 0.02, 1.20, 0.41] 


To 


[0.04 ± 0.02, 2.14, 23.6] [O.Ol^ 2 , 


9.91,276] [0.06 ±0.02, 1.04, 6.36] 




TABLE III. Same as Table HH except for B s 


— > tensor meson transitions. 


F 


[F B ° K 2(0),a,b] 


[F B -&(0),a,b] 


Ai 


[0.12 ±0.02, 1.23,0.48] 


[0.13 ±0.02, 1.25, 0.47] 


A 2 


[0.05 ±0.02, 1.32, 14.9] 


[0.03 ±0.02, 4.71, 105] 


A 


[0.22 ±0.04, 1.57,0.10] 


[0.25 ±0.04, 1.72, 0.31] 


V 


[0.15 ±0.02, 2.08, 1.50] 


[0.15 ±0.02, 2.06, 1.49] 


Tt 


[0.13 ±0.02, 2.07, 1.49] 


[0.13 ±0.02, 2.06, 1.49] 


T 2 


[0.13 ±0.02, 1.22,0.35] 


[0.13 ±0.02, 1.23, 0.32] 


T 3 


[O.Oll^ 2 , 9.91,276] 


[o.ooi°;° 2 , -, - ] 


calculated the form factors of B decays into tensor mesons with the light-cone sum rule approach. 


We have fitted the g 2 -dependence of the form factors in the range < q 2 < 6 GeV 2 . Owing to the 


G-parity, the two-parton light-cone distribution amplitudes of the tensor mesons are antisymmetric 



under the interchange of its quark and anti-quark momentum fractions in the SU(3) limit. The sum 
rule results for form factors are sensitive to the light-cone distribution amplitudes. The expansion 
parameter in the light-cone sum rules is mx/mb, rather than the twist. For the resulting sum rules, 
we have included the terms up to the order of m-r/mfc in the light-cone expansion. The results 
could be further improved with more precise parameters describing the distribution amplitudes and 
by including 0(a s ) corrections. 
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